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AwaterLinsolublechdateu℃agmMWLbisP-(salicylidmeamino)eduyllethaⅡ吟U-CHamhBe(SchimaseA)hasachamctertofbrm
amacmcyclicmetalcompleqKduetoanintrahydｍｇｍｂｏｍＨｎｇａｎｄａ７ｗｒｍｔｅｍｃｔｉｏｌＬＡｎｅｗanalo図正of
MVLbisIZ-(bez町lideneanino)GnlwllGnhan吟U-diamnr(SclifTbaseB)３階olmsachamcterMbnmamacmcydicIYxtaUcomPk区
duetoonlytlne7F-mntemctiomwithouIttheMmPlUdmgロトb､耐ngintemcIiom・DeterminaOiomandpRGcommtmUm㎡CDE、）
withtheSchMTbasesAandBinnmbenzenewemmves⑪gHOedmDeSdnilTbaseAextmctedQnⅢ)with歴picmte伽OMr
0tlBerhanBd,theSchilmaseBeKtractedChl(ｍｗｉｔＭｗopiclmteimns．ｎ曲causedtlnHtapmtonwHs【Hssodatedlmm…plmnoHc
hydⅡｍＭ帥叩intheScMbaseAmacarbonahebuflもratPH1UAnemichmeMnctorofCum),116,wasObtainedinUuis
匝配thodA《htemomhmitofCu(Ⅱ)was８×1ｒＭａｍｌａ雌armⅡ咽e㎡acaHmMiDHmmwewasftum8x1ｒｔｏｌｘｌｒＭ、１１画ｓ
Ⅲ肥thodwasappl正dtodetermimUouEofcopperinriverw2u6eu刃andaluminumamddumlumnaHoys．
Chlorofbrm,avOlumeofnitmbenzeneasthesOlventcan
IdativelybesmallerthanthoseofMmKandchlomfbrm，
becm1sesolubUitiesofRⅢKcMomfbrmandNBinw8Iher
窪170,080,2,.0219'6(w/W)ら1℃Spectively1meH℃fxUb
NBwaschosenasthenon-halOgenizedsolventinthis
wOHkWhenthesolventofasmallIdativepeTYnittMty；
suChaschlomfbum(４９),lwasused,itwaslCqmledlhat
almostallchelatinglCa3entsfbrthesolvemmはIactionofa
metalionfblmedaneuUalmetalcompleD【，ｓｕｃｈａｓ
Ｃｕ(DDTq2・ＷｂｅｎＮＢ,ｗｈｉｃｈhasahigmrdative
pemlittivity(34.8)lwasused,eventhechelatingl巳agents
toRDrmanionicmgtalcomplexcouldbeusedA
pm-ooncamtionmdhodbythesolventeXtmctionof
cadmiumwith2A6-tli-2-pyridyl-1,3,5-tlia｡neusingNB
hasbeenIEpolted3ThesolventNBwasapmpersolvaTt
RDradilectintlDductionintoaHameofFAASinthe
methodAsolvemextTyBdionmethodoftnmn1Eitionmetal
ionswithmacmcyclicandacycUcSchi丑basesincluding
phenOlichydImq/’８mupsusingNBhasbeenalso
lcportedやTheseSchiBFbasessbowedaselectivityof
Lhtmduction
Genemlly;adissolvedcoppermnatumlwatexscannot
bemea＆】IBdwithoutitspleconcalmtionbyHameatomlc
absorptionspectmmetry征7Ｍs),becauseitsconcentlYmon
islowlhe1℃fbUC､itisnecessalyfbritspHe-concentIHtlon
todetaminethecoppa：Somesepamtionand
pIeconcentlHtiontechniquesofCu(Ⅱ)hmsomematnx
havebeenachievedbyasolvemtemctionofa
Cu(m-diethyldithiocalbamateのDTqcomplexinto
ChloIoRDrm，caIbontetlaChlolidebandmethylisObutyl
ketoneOV肥K）EDmwatersampleslAsolvemt
extractionmethodhardativelyhigdlconcemrationof
Cu⑪CmRVDwithmacmcyclicSchiFbasesusing
chlomfbnnhasbeenalsoICpolted2HOwevemtwould
benecessalytoexchangeahalo3enizedsolveHTtintoa
nonPhalogenizedsolvenLbecauseofanairpollutionfbra
vapoIizationofthehalOgenizedsolventanditspoor
combustionqualityfbrEAAS
ComparingtoasOlventemctionofＣｕ(Ⅱ)hma
lalgevolumeofwaterintosmallvolumesofIV皿Ｋａｎｄ
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Cu⑪fbrthesolventextmctionanditseHiciencyofa
phenolateionmtheSChiBFbasemoiety；wbichcould
behaveasacounterioMikeanionfbrtheionic
Cu(m-Schi圧basecomplexesHoweveI;thispmposed
methodneedstore-dissolvetheextractedCu(m-SChifr
basecomplexesinwHterinoldertoiIItmduoetheminto
FAASafterthesolventextlactionofCu(ＤＨＤｍａｗａｔｅｒ
ｓａｍｐｌｅｍｔｏＮＢａｎｄｔｈｅｎａｖapoIizationofNB
IntbepIcsentwolk,twowHt感insolubleSchifTbases
werechoseｎａｓｔｈｅｃｈｅｌａｔｉｎｇｒｅａｇｅｎｔＯｎｅｉｓ
ＭＷ〕is[ZXsalicylideneamino)ethyI]ethanel,Z-diamine
(ScbiBFbaseA),whichcouldfbrmamacmcyclicmetal
complexduetoanintlabydmgen-bonｄｉｎｇａｎｄａ兀一兀
interactionbetweenitsphenoUcg【oupSandtheotheris
MV2Jbis[Hben可lideneamino)ethyl]ethanel,Z-diamine
(SchiHbaseB),whichcouldfbrmthemacmcyclicmetａｌ
ｃｏｍｐｌｅｘｄｕｅｔｏｏｎｌｙｔｈｅ兀-,ＥⅢemctionbetweenits
benzenenngswithouttheintMWdlOgenPbonding
interHctionBothoftheSChirbasescouldbeeasiIy
synthesizedhomtliethylenetetlamine､６Itisalso
inteYestingtoinvestigateaselectivitychangeofmetalions
fbrtheSchi狂basesRmnedthediflelCntmacmcyclic
metalcomplexesduetothediHbrentintraPinteractlonm
theseSchiBFbases
ApIeconcemtlHhonmethoｄｏｆＣｕ(Ⅱ）hasbeen
lecentlydevelopedusingsoUdphaseextIactionsonan
AmberliｔｅＸＡＤ－２１ｃｓｉｎ,７amiclDcIystalline
naphthalena89anoctadecylsilicamembmnedesk,loand
syntheticzeolites・l1HoweveH;anelutionofCu(mata
highconcentratedacidandadissolutionofaCu(Ⅱ）
complexintoanolganicsolventhavebeenrequilBdfbran
introductionofanextlactedCu(mtoFAASinthesesolid
phaseextIactionmethods・TheICfbnaliquid-Uquid
ddmctIC、wouldbebdterthanthesesolidexhHction
ｍｅｔｈｏｄｗｉｔｈｒＢｓｐｅｃｔｔｏｔｈｅｄｉｌＢctintmductionofthe
extIactedCu⑪toFAAS
AccoldinglIthep【econcentmtionmethodofCu⑪
usingtheseSchirbasesAandBfbrEdLASwas
investigated
conductedaccoIdingtoalccommendedmethodofa
manufhctule正
Z2Reagents
TYleSchiBFbasesAandBweHcprepaICdbystininga
distiMedtriethylenetctramine（００５mol）added
salicylaldelWdeorbenzaldehyde(０１mol)manabsolute
ethanolfbr2hlaaccoldingtoalitelaturemethod6
StructulBsoftheSchifFbasesAandBareiIlusIratedin
FigurelSodiumacetatesodiumpeIchlorHtasodium
CC～１Ｖ、卿～CｏＨ Ｈ ○Ｃ
Ｘ＝ＯＨ：SchifTba5eA
X＝Ｈ：SChifTbaSeB
FiglChemicalstructulesofSchi征basesAandB
l-heptan3tasodiumlcctanate,sodiumbenzo矼巳sodium
thiocyanate，sodiumpiclatePiC)，sodium
tetlaphenylboride⑮PhD，sodiuml-pentanesulfbnate，
sodiuml-hexanesulfbnatasodiuml-octanesulfbnata
coppa(Ⅱ）nitmteandcoppeum)pemhlomteofIeagem
gladeweIepuIｃｈａｓｅｄｆｏｍＭｋｏ（Osaka，Japan）
BuHbrsofpH1－３，３－６，６－９，９－１０，１０‐11,ａｎｄ12,
weⅢcpICparedfiDmhydIDchloIicaciCLsodiumacetateand
aceticacid，sodiumdihydImqﾉPhosphateanddisodium
hydlmq/phosphatehsodiumtetlabomte，sodium
hydmWcarbonateandsodiumcalbonatQandsodium
hydmxide（Whko）oftheIBagentgmde,Iespectively
SodiumtetmbolateandNBofthereagentgadewere
pumhasedHDmNacalaitesqueG(yotobJapan)．Cemtified
refbumcemateTialswereObtainedhmJapanese
AnalyticalChemicalSociety(JASOO31andJASOO32)and
BritishChemicalIndustry（182/2,216/2,ａｎｄ380)fbr
nveTwHtemls9andaluminumanddulaluminalloy且
IcspectivelyL
Ｚ３Ｐｍｃｅｄｕｒｅ
Ａ２ｍＬＮＢｓｏｌｕｔｉｏｎｏｆｔｈｅＳchiHbaseAorBwas
addedintoanaqueousCu(msamplesolutionwithalM
buHbr(１０ｍL)andalMion-pairfiDImationreageuIt(１０
mL)in300mLbeake正AsamplevolumebelowczJ180
mLcouldbeusedApIeconcentlHtionofCu⑪ｗａｓ
2.ExpeHimeMal
21Appamtus
AconcentlHtionofCUm)wasmeasulcdbyHitachi
Zも100PolaIizedZeemanAtomicAbsolption
Spectlophotometer(Ibkyo）AFAASmeasurementwas
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conductedbyastirofamixturesolutionAsolvent
extract1onIHtewouldincIeaseduetothestilBbecausean
appalcntsulfhceofaNBphaseincIcased,asaresuhof
producingmanysmallNBdIopsinawaterphaseA
phaseseparationbetweenNB,whichhasahigherdensity
thanwHteLandtheaqueousphase，ｗａＳｖeryquick
SinceaconcentmtionofCu(mintheaqUeoussolution
afterthesolventextmctionwasbelowadetectionlimit
undemheoptimizedconditions,theNBsolutionwiththe
aqueousphasefomthebottomofthebeakerwithout
operatlnganyphasesepamtionafterthestircouldbe
dilectlyintIoducedtoFAAS
AluminumanddumluminaUoysweIedissolvedby
heatingtheminconcHClwithconcInJO3andI盃！
andthiocyanateionsbwhichwouldcooIdinatetoa
Cu(DSchiHbaseAcompleMndfbrthealkanesulfbnate
andpeI℃hlomteionsoftypicalionPpairfbImationIcagents
TheIaIgestabsolbanceofcopperwasObsewedR〕rbothof
PiCandBPh4ｧ,incaseofaZx1d7MCu(mHoweven
itsabsolbanceusingofPiｃＦｗａｓｔｗｉｃｅｌａＩ西erthanthat
usingBPh4~,mcaseofalx105MCum)ofasample
solutionafterstiITingｆｂｒ３０ｎ血Themcfb砥thepicIate
ion,whichalwaysgaveaconstanthighabsolbanceof
copperamongtheseioLpairfbrmationreagentsunderthe
usedconditions,wasｕｓｅｄ
３２EHbctofpH
FiguleZshowsthedependenciesoftheabsoIbanceof
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3.ResultsamddiscusSBon
31EHbctofionpairfblmatiomeagent
MuencesofabsorbanceofcopperwiththeSchif
baseAonsomeanionsfbranion-pairhmatiomCagentat
pH10afterstilYingfbr90minaIesumma】izedinnlblel
①●■再二呉莇こぐ
０２４６８１０１Ｚ
ＩＤＨTablelInHuencesofabsolbancesofcopperon
ionPpairfbrmationIeageImtsa）
Fig2Dependenciesofabsorbancesofcopper
withSchi狂basesAandBonpHConditions、
buHbr:０１Ｍ;stilTingtime:ｇ０ｍｉｎうSchiHbase:１×
l04MNaPic:ｌｘ１０２ＭＣｕ⑪:２x109MうＮＢ
ｐｈａｓｅ２ｍＬ;waterphase:１００，Ｌ●,SChiBFbase
A;ｏ,Schi丘baseB
IolLpairfbrmationreagemRatiob）
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copperwithPic~ｏｎｐＨａｆｔｅｒｓｔｉｌＴｉｎｇｆｂｒ９０ｍｍＴｈｅ
ｌａｌgestabsorbanceshSchi圧basesAandBweIe
ObservedinacalbonatebuHbratPH10andatabovepH8，
IcspectivelybTheabsolbanceatthebelowpHIOwas
smalLbeca1seofpmtonatlonsofaminogmupsinthe
ScｈｉＨｂａｓｅｓＡａｎｄＢＴｈｅＩＣｈ巳ｐＨ１０ｗａｓｃｈｏｓｅｎ，
sincethesolventeD□tmctionusingtheSchiHbaseAoould
becomparedtothatusjngtheSchiHb巳seBunderthe
samepH
a)conditions,buHbr:OlMcaIbonateatpH10;
ion-pair伽nationreageIut:Ｏ０１Ｍ５Ｃｕｍ):ＺｘｌＯ｣7Ｍ;
chelateIcagent:IxlO4MSchifTbaseA;stiITingtime：
９０ｍin；ＮＢ２ｍＬｊｗａｔｅｒ:ｌＯＯｍＬ
ｂ）Ratio＝（absorbanceofcopperwithionPpair
fbImation1℃agemt)／(absorbanceofcoWerwithout
ion-pairfbImationIeagem)．
3.3EHbctsofSchifTbaseconcemationandstilYingtime
Figule3showsthedependenciesoftheabsolbance
ofcopperonconcemlYHtlonsoftheSchifrbasesAandB
anerstiITingfbr90minForboththeSchifbases,the
lalgestabsorbanceofcopperwasObservedatthelx１０斗ltsabsorbancedidnotalmostincIeasefbrthecarboⅣlate
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mtioofCu(、was93％・Howevemtheenrichmentfhctor
ofll6wasfbunCLbecauseonlythesmallvolumeofNB
phase(ｍｌ６ｍＬ)Icmainedinthewaterphasecontalmng
theO1McalbonatebuHbratpH10withthelx102M
PicF．
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０
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ｌｏｇ［SchifTbase］ノＭ 3.4.FffiectofPic~concentmtion
Figure4showsthedependenciesoftheabsorbancesof
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Fig3Dependenciesofabsolbancesofcopper
onconcentrationsofSChiTｂａｓｅＡａｎｄＢ
ＢｕＨｅｒ:O1McalbonatebuHbratpHlOOther
conditionsasinFigZ●，SchifrbaseAうｏ，
SchifFbaseB -５－４－３－２－１
logIPiCl／Ｍ
MScbiHbase・Thela1geexcessSchi圧basewould
intemJptthecomplexfblTnationofCum)withtheSchi圧
ｂａｓｅｄｕｅｔｏａｎｉｎｔ鋒hydrogen-bondingintemcuon
betweentheaminogmupsoftheSChiHbase・ＡｌsQin
caseofboththeSchdHbases,theabsolbanceofcoppeT
wasalmostconstantat＞６０minfbrthesolventextlaction
ofCu(Ⅱ)mmthe2x1d7MCu(maqucoussolutioninto
NB・
AtheolCticalemichmentfhctorofCu(mislOOin
ZOOmL-waterphase／Z-IYLNBphasesystemThe
enlichmentfhctorofCum)wascalculatedbyaIatioof
absoIbanceofcoppam)peHchloIateinalxlO2MPiC
NBsolutioncontainingtbelx104MSChiHｂａｓｅｔｏthe
obsewedabsmbanceofthesolventextmcbedcopperma
langeofltolOｘ１０５ＭＣｕ(Ⅱ)．meabsorbanceof
copperfbrcoppeHm)pcIcMo帥dissolvedinNBwas
3g96smaUerthanthatinanaqueoussolutiolLbecauseofa
poorcombustionqualityofNBHoweveI；the
absorbanceofcopperfbrcoppam)pemhloratedissolved
inthelx102ＭＰｉｃ~NBsolutioncontainingthelx104
MSChiHFbasewasl78％laIgerthanlhatwithoutPicFand
tbeSChiB『base、Itisconsideredthattbeabsorbanceof
copperinNBwasinclEasedbytheimpIuvedcombustion
qualityofNBinlXcsenceofPicFwiththeSchiBFbaseb
becausetheabsoIbancesofcopperfxcoppeI(11）
ｐａｃｈｌｏｍｔｅｍｏｎｌｙｔｈｅｌｘ１０２ＭＰｉｃＦＮBsoluUonandm
onlythelx104MSchiBFbaseNBsolutionweresimilar
tothatinNBwithoutthemTheJ巴ibm巳theobserved
absoIbanceofcopperintheNBsolutionwasonly6996
smaUerthanthatintheaqueoussolutionAnextlaction
Fig4DependenciesofabsoIbancesofcOpperon
conceTItlHtionofPiC・BuHbr:Ｏ１ＭｃａｒｂｏｎａｔｅｂｕＨｅｒ
ａｔｐＨｌＯＯｔｈｅｒｃｏnditionsasmFig2．●，SchiBF
baseAぅｏ,SchiBFbaseB
copperwiththeSchiBFbasesAandBｏｎｔｈｅＰｉｃ￣
concentmtlonAhhoughtheabsoIbanceofcopper
incrCasedwithincreasingconcentmtionofPicF,theabove
O1MPic~could、otbedissolvedinthecalbonatebuHもⅢ
Tha℃f〕砥Ihelx102MPicFastheion-pairfbnnation
reagentwasused
AccoIdinglyBtheoptimizedconditionswaCas
fbllows:waterphasebZOOmLaqueoussamplesｏｌｕｔｉｏｎ
ｗｉｔｈｌｘ１０２ＭＮａＰｉｃａｎｄＯｌＭｃarbonatebuHbratpH
lqNBphase,2mLNBwithlx104MSchifbaseAor
B;stillingtime，９０ｍin、Theenrichmemfhctorand
solventeD辻raCtionIHtioofCu(ｍｗｅｘｅｌｌ６ａｎｄ９３％，
ICspective町AHnearIHngeofthecaliblationcuIvefbr
Cum)was8xlO9-1x105MAdetectionlimit(S/N
＝３，theabsoIbanceofcopperextmctedmmablank
buH荷solutioniIItoNBwasusedasasi2mlofnoise)and
RSDfbrCu(Ⅱ）ｗａｓ８ｘ１０９Ｍａｎｄｌ７９Ｍｂｒｔｈｉｓ
ｃｏｎｃｅｎtmnon,IcspectivelyL
3.5.InteIfbIBncesoffbreignmetalions
RecoveliesofcoppemFwitlMheSchiHbasesAandBm
presenceoffbreignmetalionsaIesummarizedinＴａｂｌｅＺ
Ａ１：１１atioofFe(Ⅱ)toCum)intafbIedtheabsolbanceof
DeteminationandPreconcentrationoiCoppel(H)wilhMV1Bis[2-(salicYlideneaminolethYl]ethanel12-diaminebYF1ameAtomicAbso1ptionSpectrophotometY ４５
Table2RecoveTies(9'6)ofcoppef)withSChifTbasesAandBinpresenceoffbI巳ignmetalions
SchifTbaseA SchifTbaseB
[metalion]/[Cu(Ⅱ)］Ｆｅ(Ⅱ）Ｅｅ(Ⅲ）ＣＯ(ｍＮｉ(Ⅱ）Ｚｎ(Ⅱ）Ｆｅ(11）Ｆｅ(Ⅲ）ＣＯ(ＤＭ(Ⅱ）Ｚｎ(Ⅱ）１ｍ川棚
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８
９
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８
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１
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９５
１００
７９
a)Ｃｕ(、＝lxlOﾏＭ、
theabovelxlO3MinFig4Becauseitwasnecessaly
fbmnObsel｢vationofthelaIgeabsoTbanceofcoppemFto
inclCasetheconcentmtｉｏｎｏｆＰｉｃ~,incaseoftheSchiH
baseB
Consequently;acompalisonofaselectMtyfbrCu(m
betweentheintra戸7Ｗ［andtheintrahydlOgen-bonding
intemctionmtheseSchiHbaseswouldgjveanimportant
infbrmationtomakeamoleculardesignRMheextIactant
usingtheseintlamolecularinteractlons．
copperfbrtheSchiBrbaseA・FortheSChiBFbaseB,ａｌ：
ｌＯＯｍｔｉｏｏｆＮｉｍ)toＣｕ(Ⅱ)inteTfiereditAnavailable
macmcycliccooldinationsiteofCu(mintheSchiHbase
AwouldbefbmledduetoanintIaPhydlogen-bond
betweenthephenolichydroxylgIoupandthephenOlate
ionmtheSchiHbaseＡａｔｐＨｌＯ,asillustrａｔｅｄｉｎＦｉｇ５．
Ｐｉｃｒ
３６.Detem1inationofcopper
ThismethodusingtheSchifFbaseAwasappliedfbr
detelminationsofcoppermnverwateIsandaluminum
anddulaluminaUoysTheseresuhsfbrtberiveTwateTs
JACOO31(certifiedvaluQO88±OO3pPbfbrcoppeI）
andJACOO32(１０５±ＯＺ)weTcO87±OO2andlO6士
０２ppb,ICspectively;wher℃ermrsalCstandarddeviations・
TheseresuItsfbrthealuminumalloysNO18Z/2(catified
value,00459'6(W/W)fbrcopper)andNO380(090)and
theduralummalloyNo216/2(456)weHeOO42±0001,
087±ODI､and439±0.099'6(w/W),ICspectivelybThese
lesuhsageedwithtbecatifiedvaluesofcoppeu二An
interfblcnceofFem)wasnotfbund,becausethenitlHte
ioninthedissolvedacidsgenemllyoxidizedFe(mto
Fe(mundertheheatingcondition
ｏＣ
Cu⑪-SChiffbaseA-PiCCu⑪-SchiffbaseBPiC
Fig5Structu1℃sofCu(DSChi圧basesAandBPicF
complexes．
Theavailablemaclwocycliccooldinationsitefbnnedbya
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